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Background: The impact of flooding on mental health is exacerbated due to secondary stressors, although the mechanism of action is not understood. We investigated the role of secondary stressors on psychological outcomes through analysis of data collected one-year after flooding, and effect modification by sex. Methods: We analysed data from the English National Study on Flooding and Health collected from households flooded, disrupted and unexposed to flooding during 2013-14. Psychological outcomes were probable depression, anxiety and posttraumatic stress disorder (PTSD). Parsimonious multivariable logistic regression models were fitted to determine the effect of secondary stressors on the psychological outcomes. Sex was tested as an effect modifier using subgroup analyses. Results: A total of 2006 people participated (55.5% women, mean age 60 years old). Participants reporting concerns about their personal health and that of their family (concerns about health) had greater odds of probable depression (adjusted odds ratio [aOR] 1.77, 95% CI 1.17-2.65) and PTSD (aOR 2.58, 95% CI 1.82-3.66). Loss of items of sentimental value was associated with probable anxiety (aOR 1.82, 95% CI 1.26-2.62). For women, the strongest associations were between concerns about health and probable PTSD (aOR 2.86, 95% CI 1.79-4.57). For men, the strongest associations were between 'relationship problems' and probable depression (aOR 3.25, 95% CI 1.54-6.85). Conclusions: Concerns about health, problems with relationships and loss of sentimental items were consistently associated with poor psychological outcomes. Interventions to reduce the occurrence of these secondary stressors are needed to mitigate the impact of flooding on probable psychological morbidity. 
Introduction

F
looding is the most common natural disaster and the incidence of flood-related disasters is increasing. [1] [2] [3] Over the past 10 years, flood events in Europe have resulted in over 900 deaths, affected almost 4 million people and caused economic damage of US $51 billion. 4 Flooding results in long lasting severe damage on infrastructure and human health. 5 Increases in adverse mental health effects such as post-traumatic stress disorder (PTSD), anxiety and depression have been shown in populations affected by flooding, [6] [7] [8] [9] have been shown to manifest within weeks, 10 or months 11 and can last up to years afterwards. 12 The English National Study on Flooding and Health has shown elevated rates of psychological morbidity among participants affected by flooding 1 year after the event. 13 Previous studies have found that after flooding adults whose property had flooded had a four times higher relative risk of psychological distress. 11 After the summer floods of 2007 in England, the prevalence of psychological distress, probable anxiety, probable depression and probable PTSD were found to be two to five times higher in those affected by flood water in their home. 6 It has been suggested that psychological morbidity after flooding can be caused by a complex combination of primary and secondary stressors.
14 Primary stressors can be identified as arising directly from the flood event such as being injured or your home being flooded. Secondary stressors are more indirect consequences of the event such as personal or financial losses, or difficulties with insurance and compensation, and may be amenable to public health action in order to reduce their impact. Studies have identified a variety of individual secondary stressors associated with adverse mental health outcomes, including: acute unemployment, 15 financial loss, 6, 16, 17 problems with insurers 17 and concerns about health. 6 However, systematic reviews have highlighted limitations of current research including a lack of medium to long-term follow-up and difficulties separating the effects of primary and secondary stressors. 9, 14 It has been postulated that the impact of disasters is worse among women and results in poorer psychological outcomes. 18, 19 To date no research has shown whether the impact of secondary stressors experienced after flooding on mental health is different among men and women.
This study was designed to investigate the impact of secondary stressors on psychological outcome following flooding, and the existence of any differential impact of sex as an effect modifier on psychological outcome.
Methods
We conducted a secondary analysis of cross-sectional survey data from the English National Study on Flooding and Health. The study has been reported consistent with the STROBE checklist and a flow chart is presented. 20 
Study design
The study design, sampling procedure and recruitment are described in detail elsewhere. 13 Participants from areas affected by the winter floods from 1st December 2013 to 31st March 2014 were recruited 1 year after flooding.
Eligible participants (individuals aged 18 and over) were recruited using a bespoke questionnaire that included questions on mental health outcomes and exposure to secondary stressors. 13 Public Health England collected postcodes of flooded homes from six local authorities and used the Royal Mail Postcode Address Finder (PAF) to identify all addresses within the postcodes. Thus the sampling frame was formed of areas both affected and unaffected by the floods. Study invitation packs including the questionnaire were sent to the household addresses identified in January 2015. Two reminders were sent to non-responsive households. Completed paper questionnaires were double entered and validated prior to joining with responses submitted electronically. Participants were categorized into three exposure groups; flooded (i.e. entry of water into a liveable room of the home), disrupted by flooding but without entry of water into a liveable room, and unaffected by flooding. Mental health outcomes were measured using validated tools integrated into the questionnaire and defined as the presence or absence of probable depression, anxiety and PTSD and measured using the PHQ-2 (cut-off !3), 21 GAD-2 (cut-off !3)
22 and PCL-6 (cut-off !14) 23 scales, respectively. We refer to the mental health outcomes as 'probable' since the tools are screening instruments and not clinically diagnostic.
Based on prior studies, 6, 9, [14] [15] [16] [17] 18 individual secondary stressors were specified in the questionnaire, including; financial difficulties, problems with the home and self-reported concerns about their personal health and that of their family (concerns about health; full list of secondary stressors Supplementary table S1).
Data analysis
We performed descriptive statistical analyses of respondent demographics, the exposure to flooding, exposure to secondary stressors, and the mental health outcomes of probable depression, anxiety and PTSD. Participants were excluded from the analysis if they could not be categorized into one of the three overall flooding exposure groups. Participants were also excluded from a particular mental health outcome group if their outcome status could not be assessed for that outcome. Missing data were calculated across demographic characteristics, exposure to secondary stressors and mental health outcomes. The distributions of missing data across exposure and outcome variables were assessed as to whether data was missing at random and were explored for patterns of systematic bias.
Crude logistic regression models were fitted to examine associations between each individual secondary stressor and the outcomes. The secondary stressors that were found to approach statistical significance (P < 0.1) were included in multivariable analyses.
A parsimonious forward stepping approach using a likelihood ratio statistic to identify covariates that explained differences was carried out for each outcome (P < 0.05). The effect of clustering by geographical lower super output area (LSOA) was examined using a sensitivity analysis that aggregated per LSOA was carried out as with robust standard errors, adjusted for clustering. Two subgroup analyses were carried out for men and women independently to assess for differences by sex. Nine a priori potential confounding variables were identified and included in the multivariable analyses: age group, sex, local authority, ethnicity, marital status, education level, employment and deprivation score. 13 These variables were specified as potential confounders through expert opinion of the national flooding study group. In addition the variable for overall flooding exposure group was included in the multivariable analyses. Missing data from any of the a priori confounding variables or from the secondary stressors were recoded as 'missing' to allow their inclusion in logistic regression analyses.
All statistical analyses were also performed separately for women and men. Analyses were undertaken using Stata Version 13 (StataCorp, College Station, TX, USA).
Ethical approval
This study was a secondary analysis of an existing dataset and not subject to a requirement for ethical approval. The English National Study on Flooding and Health was granted ethical approval by the Psychiatry, Nursing and Midwifery Research Ethics Subcommittee at King's College London [Reference PNM 1314 152]. All study respondents provided written consent to participate.
Results
Descriptive analysis
Questionnaires were returned from 2014 different households, with a total of 2126 individual participants (response rate 23%). There were 120 participants (4.3%) who could not be classified into an overall flooding exposure group and were excluded from further analyses, see figure 1 for the STROBE flowchart.
The majority of participants were classified as 'disrupted' by flooding (54.8%), followed by 'flooded' (31.0%); the remaining 14.2% were assessed as 'unaffected' after exposure to flooding. Overall, 12.1% of all the participants were classified as having probable depression, 15.5% having probable anxiety and 19.7% having probable PTSD (Supplementary table S2) . Missing values totalled less than 5% across each outcome variable.
Out of the 18 secondary stressor exposures, those most frequently experienced were: concerns about their house value (1107, 55.2%), additional financial burden (891, 44.4%), repairing their home (882, 44.0%) and finding jobs or chores around the house more difficult (858, 42.8%) (table 1). The proportion of missing values for the secondary stressors ranged from 2.7% (additional financial burden; n = 54) to 5.6% (changes in your child/children's wellbeing or education; n = 113).
Of the 81.8% of women who experienced a secondary stressor (n = 911), 32.7% of these were also classified with any of the probable mental health outcomes. Of the 18.2% of women who did not experience any secondary stressors, 11.8% were classified with any of the probable mental health outcomes. 78.0% of men experienced a secondary stressor (n = 665), of these 26.8% were classified with any of the probable mental health outcomes. Of the 22.0% of men who did not experience any secondary stressors, 10.6% were classified with any of the probable mental health outcomes (Supplementary table S3) .
For men who had probable depression, anxiety or PTSD, 65.3, 70.8 and 74.6%, respectively, had experienced concerns about their house value after the exposure to flooding. For women who had probable depression or probable PTSD, 73.6 and 75.3%, respectively, had experienced concerns about health after exposure to flooding. Of women who had probable anxiety, 73.7% had experienced concerns about their house value after the flooding.
Logistic regression modelling
Crude logistic regression showed that for each of the secondary stressors, participants who had experienced a secondary stressor 
Subgroup and sensitivity analyses
For women, those who reported concerns about health had the strongest association with probable depression (aOR 2.62, 95% CI 1.48-4.64) and with probable PTSD (aOR 2.86, 95% CI 1.79-4.57) whereas those who had concerns about pets had the strongest association with probable anxiety (aOR 2.10, 95% CI 1.31-3.37); see tables 1-3.
For men, those who experienced relationship problems had the strongest association with probable depression (aOR 3.25, 95% CI 1.54-6.85) and with probable anxiety (aOR 2.97, 95% CI 1.55-5.68), whereas those who experienced concerns about health had the strongest association with probable PTSD (aOR 2.58, 95% CI 1.49-4.47); see tables 1-3.
After carrying out all sensitivity analyses on each outcome no differences were reported in the direction of the effects and only modest differences in the magnitude of the effects found.
Discussion
To our knowledge, this is the first study to explore the associations between a comprehensive list of secondary stressors and probable mental health outcomes after flooding, including subgroup analyses by sex. We found that the secondary stressors most strongly associated with each mental health outcome varied across each final parsimonious model and by sex. Participants who experienced concerns about health had the strongest associations with probable depression and PTSD, whereas those who experienced the loss of items of sentimental value had the strongest association with probable anxiety.
The strengths and limitations of the research design, the outcome measurement tools used and the generalizability of the study population of the English National Study of Flooding and Health a: Each final model also adjusted for: exposure to flooding, age, deprivation (IMD quintile), Local Authority, educational attainment, employment status, ethnicity, marital status, and pre-existing illness (not shown). Final overall main effects model also adjusted for sex. Notes: Secondary stressors displayed are those statistically significant in increasing the model fit of the data. Those not increasing goodness of fit of the model are displayed as ''Not included in final model''. have been discussed elsewhere. 13 Strengths and limitations that are specific to this study are discussed here. The questionnaire used asked about secondary stressors experienced during or in the immediate aftermath of flooding (between December 2013 and March 2014); any experiences of these stressors after March 2014 could also partly account for variation in the mental health outcomes. Our analyses controlled for a number of a priori confounders and also adjusted for the primary stressor of being affected by flooding. 13 Our model building method meant that any issues with multicollinearity from similar secondary stressors were avoided as we focused only on those that best improved model fit.
This study strengthens previous findings that both primary and secondary stressors after flooding can be associated with adverse mental health outcomes, but also that after adjustment for a primary stressor, the association remains between secondary stressors and outcomes. 6, 14 We found the experience of concerns about health after flooding was present in all final models, consistent with prior research showing that after adjustment for other factors, experiencing concerns about their own health related to flooding increased mental health symptoms by 2-4 times. 6 Previous research on post-flooding secondary stressors has focused either on specific individual associations or stressors grouped together, rather than the production of predictive models of outcome.
We found different secondary stressors were present in our predictive models by sex. Women did not have significantly higher odds of probable depression or anxiety than men, whereas a small significant increase in PTSD was seen. This contrasts with evidence showing that women have poorer mental health outcomes postdisaster. 6, 16, [24] [25] [26] However, it has been suggested that women subjectively experience greater threat than men during disasters 18 and are more vulnerable than men to specific types of events. 27 Therefore, differences may not be seen in flooding events that cause primarily property damage over threat to life.
The public health response to flooding should recognize the potential contribution of secondary stressors to adverse mental health outcomes and adapt preventative interventions accordingly. This study can be used to strengthen multi-agency emergency response and recovery plans. We advocate that these plans consider the important role of secondary stressors to mitigate their impact. For example, such plans could include providing advice about keeping sentimental items safe from floodwater by placing them high up within the household, information from animal charities and rescue shelters about what local temporary arrangements are possible for pets in the event of a flood, and community initiatives to promote social cohesiveness and support after flooding.
Commissioners and providers of health services should be aware that people reporting concerns about their health or the health of their family are more likely to suffer adverse mental health outcomes. Primary care and out of hours services should work to allay such concerns by providing information about the potential risk to health after flooding and what steps to take to protect health. Websites should be kept updated and social media could be used to promote key health messages. Such communication should be tailored to both the immediate aftermath of flooding and its longterm implications. Primary care should also be aware of the potential unrecognized burden of mental health after flooding within communities, and could provide support services such as drop in information services through GP practices and pharmacies.
The results of the predictive models constructed in this study may not be valid for areas experiencing flooding that are markedly different in age, ethnic, or deprivation structures. Our findings require validation through further studies, and additional work is needed to develop predictive models for potentially numerous subgroups in the aftermath of future flooding events. Future work should include studying the impact of interventions targeted to mitigate secondary stressors on the risk of probable mental health outcomes. As the English National Study of Flooding and Health continues, we advocate further analysis of the associations between secondary stressors and probable mental health outcomes as further time elapses post-flooding.
Conclusion
This study has used people's experiences of secondary stressors after exposure to flooding to produce predictive models for adverse mental health outcomes. We have shown that different secondary stressors are associated with probable depression, anxiety and PTSD in the aftermath of flooding. We highlight two secondary stressors (reporting concerns about health and the loss of items of sentimental value) that should be the focus of preventative action in order to mitigate their effects in future flooding events. Our results also demonstrate the variation in experience of secondary stressors by sex; public health policy makers should ensure emergency response plans for flooding recognize such differences. Clinical services should promote key messages relating to health in the aftermath of flooding.
We advocate that preventive interventions should be adapted to mitigate the impact of secondary stressors. Communications tailored to the immediate aftermath and longer-term implications after flooding could promote key health messages. Primary care should be aware of a potentially unrecognized burden of mental health after flooding and could provide support services.
